Four triterpenoids isolated from the leaves of Fadogia tetraquetra var. tetraquetra, 3-hydroxy-11,12-epoxyoleanan-28,13-olide (1), 3-hydroxyurs-11-en-28,13-olide (2), oleanolic acid (3), and ursolic acid (4), were evaluated for their antiviral and antibacterial properties. Compound 4 showed potent activity against the Semliki Forest virus with an IC 50 of 14.7 µM, but was also found to be significantly cytotoxic (68% reduction in cell viability after 24 hours exposure at 50 µM) towards baby hamster kidney (BHK21) host cells. A viability assay on the mammalian human hepatocellular carcinoma (Huh-7) cell line showed no significant effects on intracellular ATP content after 48 hours exposure to compounds 1-4 at this concentration. Compound 4 also inhibited Staphylococcus aureus (MIC 12.5 µM), but was inactive against Enterobacter aerogenes, Escherichia coli, and Pseudomonas aeruginosa. Compounds 1-3 were inactive against all tested bacterial strains at 50 µM concentration.
The genus Fadogia Schweinf. (Rubiaceae) comprises some forty-five species in tropical Africa, with three, F. homblei De Wild., F. thamnus K.Schum, and F. tetraquetra K.Krause, found in southern Africa. The last occurs as two varieties, F. tetraquetra var. grandiflora (Robyns) Verdc. (syn. F. grandiflora Robyns), and F. tetraquetra var. tetraquetra (syn. F. mucronulata Robyns). The typical variety is the subject of this investigation; its distribution stretches northwards from Swaziland and the Limpopo and Mpumalanga Provinces of South Africa to Zimbabwe, Zambia, Mozambique, western Tanzania and the Democratic Republic of Congo [1] .
Another regional genus member, F. homblei, (syn. F. monticola Robyns) has long been known [2] as a cause of the economically-important fatal poisoning syndrome in ruminants, known locally as gousiekte ('quick disease'). Although a number of other Rubiaceae species from southern Africa, including, inter alia, Pavetta harborii S.Moore, P. schumanniana F.Hoffm. ex K.Schum., Pachystigma pygmaeum (Schltr.) Robyns and P. thamnus Robyns have also been implicated in gousiekte poisoning cases [3, 4] , the structure of pavettamine, the active principle involved, has remained elusive, finally appearing in print [5] in 2010, more than 15 years after it was first reported isolated in pure form [6] . In view of the likelihood that F. tetraquetra would, on phylogenetic grounds, contain interesting bioactive principles, the present phytochemical and antimicrobial studies were undertaken.
Investigation of the leaves of F. tetraquetra afforded two pentacyclic triterpenoid lactones, 3-hydroxy-11,12epoxyoleanan-28,13-olide 1 [7] and 3-hydroxyurs-11en-28,13-olide 2 [8] , the pentacyclic triterpenoid acids 3-hydroxy-12-oleanen-28-oic acid (oleanolic acid) 3 [9] and 3β-hydroxy-12-ursen-28-oic acid (ursolic acid, ) 4 [9] , two common phytosterols, sitosterol and stigmasterol, and D-sorbitol. Oleanolic acid (3) (0.1%) and ursolic acid (4) (0.2%) were the principal constituents of the n-hexane extract of the dry leaf material, while the methanol extract was found to consist mainly of D-sorbitol (8.0%).
Compounds 1-4 were also assayed against the Semliki Forest virus (SFV), an enveloped (+)-stranded RNA virus that is the most widely studied member of the genus Alphavirus. Compound 3 was found to be completely inactive against SFV in the primary screen at 50 µM, while compounds 1 and 2 were moderately active (~50% inhibition) ( Table 2 ). Compound 4 displayed significant antiviral activity [95.4% at 50 µM; IC 50 , by dose-response assay (Figure 2 ), 14.7 µM], but it also showed considerable cytotoxicity (68.1% reduction in cell viability after exposure for 24 hours) toward the baby hamster kidney (BHK21) cells hosting the SFV infection. However, exposure of human hepatocellular carcinoma (Huh-7) cells to compounds 1-4 showed no significant differences in cell viability even after 48 hours, which is surprising as 4 has previously been found to be significantly cytotoxic to both human keratinocytes (HaCaT) and human pulmonary embryonic fibroblasts (MRC-5) [10] , while the activity of 1 against human oral squamous carcinoma (HSC-2) cells is reported to be equivalent to that of etoposide [11] .
Compounds Antibacterial assays: Compounds 1-4 were dissolved in dimethylsulfoxide (DMSO) to prepare a 10 mM stock solution. This was further diluted into Mueller Hinton II Broth for the assays (final DMSO concentration 0.5%).
Compounds were assayed against Enterobacter aerogenes ATCC 13048, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Staphylococcus aureus ATCC 25923 at 50 µM concentration by the broth microdilution method on 96well plates according to guidelines set by the Clinical and Laboratory Standards Institute (CLSI). In brief, initial inoculums of 510 5 CFU/mL in Mueller Hinton II Broth were used, and antibacterial effects were evaluated against DMSO-treated control after 24 h incubation at 37C. Absorbance at 620 nm (Victor 2 V multilabel counter, PerkinElmer) was used as a quantitative measure of bacterial growth. After initial tests, the MIC was determined for compound 4 against S. aureus by using twofold serial dilutions starting from 50 µM concentration.
Antiviral activity assay:
A luciferase-based reporter gene assay with marker virus Semliki Forest virus (SFV)-Rluc [12] was used for screening for anti-SFV activity. SFV was used as a representative member of the Alphavirus genus, species of which are spread in nature by mosquitoes. Pathogenic viruses in this genus include, for example, Chikungunya and Sindbis viruses [13] . In brief, baby hamster kidney BHK21 cells (ATCC CCL-10, used as the host) were grown in Dulbecco's Modified Eagle's Medium (MEM) supplemented with 8% fetal calf serum (FCS), 2% tryptose-broth phosphate, 1% L-glutamine, 100 IU/mL penicillin and 100 µg/mL streptomycin. The culture was kept at 37 0 C with 5% CO 2 atmosphere and 95% air humidity. Recombinant SFV strain containing Renilla reniformis luciferace insertion (SFV-Rluc; MOI 0.001 PFU/cell) was used for infecting confluent BHK21 cell cultures in 96-well plates. Renilla luciferase activity of samples was determined after 14 h incubation using Promega's Renilla Luciferase assay system kit. The infection medium was removed, wells were washed with PBS and cell culture lysis reagent was added into the wells. After 15 min incubation at RT, luciferase substrate solution was added and the luminometric readout was measured by using a Varioskan Flash plate reader (Thermo Fischer Scientific Inc.). MEM containing 0.2% BSA and 20 mM Hepes (pH 7.2) was used as the medium for all dilutions and infections, and 3'-amino-3'-deoxyadenosine [12] was used as a positive control (at 20 µM, remaining SFV replication was 17%). For dose-response experiments on compound 4, concentrations of 50 µM, 25 µM, 10 µM, 5 µM, 1 µM, 0.5 µM, 0.1 µM and 0.05 µM were used. The data from the dose-response experiment were fitted into a sigmoidal curve using GraphPad Prism 5.0 software.
Cell viability assays:
The effects on cell viability were evaluated with two cell lines: baby hamster kidney (BHK21, the host cell line for SFV) and human hepatocellular carcinoma (Huh-7) (for details, see [14] ). BHK21 cells were grown as described above. Huh-7 cells were cultured in DMEM supplemented with 10% FBS, 1% L-glutamine, 1% non-essential amino acids, 100 IU/mL penicillin and 100 µg/mL streptomycin in conditions described above. Overnight grown cell cultures on 96-well plates (seeding densities 15000 cells/well for both cell lines) were treated with compounds for either 24 (BHK21) or 48 h (Huh-7), and cell viability was assessed by measuring the intracellular ATP content with Promega's CellTiter-Glo assay kit according to the manufacturer's instructions. Polymyxin B (7500 IU/mL) was used as a positive control (remaining cell viability 21% and 20% in BHK21 and Huh-7 cell assays, respectively).
